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RECOIflIT OP PROGRAM (14 ACOUSTIC MICROSCOPY AT STANFORD

1. MCE~~.OUND AND T)~ INITIAL EFFORT

The work at Stanford (Hansen Laborator iiss~ began in the early sixt ies

w ith an explorat ion of bu lk acoustic wave s in high-quality crys tals such as

Lithium Niobate and piezo.l.ctr ic semiconductors such as Cadmium Sulphids .

The work with Nioba te was focused an .cousto-op t tc interact ions and a

a.mb*r of devices such as acous to-o pttc modu lator s and opt ical filters and

& surfac e wave coavolvers hay, evolved fro. this init ial work . It was the

Zinc Oxide thin film tran sducer that allowed us to ente r this domain of

technology. 4. acquired the capac ity to fabricate these transdu cers in a

~~~ner that gave us effic ient conversion of electro magnetic energy into

acoustic energy over a wid, band of frequencies. It also permitted us to

work at frequs nci .s above 1000 *1* . In liquids the acoustic wavelength

f of 1.5 microns is in th. neighborhood of optical wavelengths. It was

natural to think about microscopes based on this form of radiation.

Perhaps th. resolution would equal or exceed th. resolution of the optical

instrument.
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Sinc e we were work ing with the acousto-optic interactions in LiNb205
we based th. design of our first instrument on this technique. This

interaction enabled us to transfer the acoustic pattern to an optical pattern

~~ich could be recorded on photographic film. The first device is sketched

in Pig. 1 and the first image of a rectangular grid is shown in Pig. 2.

These initial results ware certainly a begianing, but we recognized that the

system was limited to a low .z~ sr ical aper ture. The resolution could not,

tharefo r., be less than several wavelengths of sound. The veloci ty of sound

is high in Niobate and , therefore , the acoustic wavelength for a given frequenc y

is large. We did spend time on a compound lens ~ increase the numer ical

aperture but the complexity of this sys ten in anisot ropic cry stals was too great .

In parallel with this we knew that the group at Zenith led by A. f~psa k L.Kessl.r

and the group at Stanford with B. Auld ware working on microscopes wher. the

resolving power was determined by the wavelength of sound in the liq uids -

a factor of ~ to 6 below that of the wavelength in crystals. Those systems

incorpor ated scanning optical beams in the readout system.

In our laboratory we redirected our efforts toward a second system as

sketched in P ig. 3. We used th. acoustic radiation pressure to rearrange

small latex spheres into a pattern that reproduced the acoustic image.

The distribution of spherical particles in this .anlsion was observed through

an optical microscope. A typical imag. is as shown in Fig. ~~wber. the

resolution is at 900 MHz . The resolution in that image is k microns.

This is twice the wavelength of sound - a far cry fro. the theoretical limit

of )4/b .
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(a) (b)

US AF RESOLUT ION CHART DATA
S

GROUP +4 GROUP +5

(I) 16.00 Li/mm (I) 32.00 Li/mm

(2) 17.96 (2) 35.92
(3) 20.32 

~ (3) 40.64
(4) 22.80 “ (4) 45.60
(5) 25.56 

~ (5) 51.12
(6) 28.51 (6) 57.02

FIG. 1~ 1951 USA? Resolution Test Chart: Group. +14 and +5.

(a~ Optical image ; (b) Acoust ic t~~r.
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• The system suffered from th. lack of magnification - it is essentially

a contac t prin t ing system with unity magnification . We determined that the

acoustic power would increase sig nificantly as we increased the frequency to

improve the resolution. And, as a final point, we cou ld not find a method

that would permit us to record images in reflection - a requ irement for

examining sing le surfaces. These deficienc ies were suff icient to convince us

that it would be necessary to explore new avenues. We began to devote a

larger and larger fraction of our e ffort to the system that was based on

mechanical scaa~ing. There th . objec t is translated through the narrow

waist of a focused acoustic bean.

II. THE SCANNING ACOUSTIC MICRC~ COPE

As we began the work with the scanning system we soon came to realize

tha t s imple single surface lenses could be used to focus the acoustic beam

into a diffracted limited waist. This for tunate circumstance reduced the

com plexity of the system and allowed us to fabricate a rather s imple acoustic

cell.

The components of this acoustic cell are sketched in Fig. 5. We want

to stress the point that it is the large diffe rence between the velocity in

sapp hire and in water that makes this form possible . The problem of

spher ical aberration doe s not arise - a point that is illustrated by the ray

traci ng ske tch of Fig. 6. With ou t spherical aberration the ideal lens can

be ..d. with a s ingle sph erical surface. The di t. r at the waist of this

focused beam can be equal to a fraction of a wavelength since it is limited
1

only by diffraction. At the s~~~ time we know that the field of view for
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t this highly focused bean is negligibly small but we can overcome this by

using mechanical scanning to sequentially move the object throug h the beam waist.

The first image with the scanning instrument was recor ded at 160 t I z

where the wavelength in water is near 10 microns . The images of the gr id

and spheres as in Fig. 7 demonstrate that the resolution is less than

10 microns. This gave us courage to push toward higher frequenc ies.

We were able to generate images at 500 MHz in the second version and

there th. resolution is 2 microns !A - ~ microns). We also learned with

this instrumen t that we could work in the reflection mode. The HP22 - a

high frequency bi polar transistor - was the first object that was examined in

this mode (Fig. ~). Another illustration is shown in Fig. ~.

With images of these structures and the associated work with blood cells

and fixed tissues we were able to obtain fund ing from both the Nationa l Science

Foundation and the Na tional Suraau of Standards. The NSF money was used to

continue the work on instrumentation and to pursue the study of biological

specimens. The NSS money w as used to stud y the charac teristics of silicon and

silicon devices. The images of Fig. 10 and Fig. 11 ware generated on that

program and their quality is hig h enough to demon strate some of the power of

acou stic microscopy. The wafers and devices within the silicon-on-sapphire

technology and the illustrations of Figs. 10 and 11 show the strong contrast

that is possible in these devices. We believe this contrast will provide a

method for detectin g defects that is superior to present methods as based on

optical observations.
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(a ) Optical aicrog raph
(Nomarski ) X320.
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(b ) Acoustic micro graph
at X~00.
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lntc*ratod circuit fsbricatod on an SOS wafer .
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Tb. versatility of the new microscope was such that we thought it could

be us•EuI in .x ining struc ture and materials other than silicon. Th. optical

and acoust ic comparison of an epttax ial wafer of GaAs of P ig. 12 is an example

of what it is that we want to do. The state of the art for the GaAs technology

Is not as advanced as that for silicon and as a result there are mimerous defec ts

in most wafers. It may represen t an oppor tunity for acoustic mic roscopy.

The illustration of a singl . crystal of aluminum, as in Fig. 13, is a

conc rete example that indicates that we can observe subsur fac. damage.

The horizontal lines are slip lines which were introduced intentionally by

• bending the crystal . The vertical lines are subsurface damage which comes from

scratches that have not been co mpletely elim inated in the f inal polishing.

This is revealed in the SEM image. There the incident electrons penetrate

the aluminum surfac e to a depth of abou t one micron.

In Pig. l~e vs illustrat e a case where the acoustic aicrograp h is taken in

tran smission. It reveals information that is not available in either the

images from the optical instr ument or the electron microscope . The object is

a thin foil of tin about 12 microns in thickness. The diagonal lines in the

acoustic image are visible on the su rface. They result from the marks of the

ro ller  used in making the foil. ~ut th. dark spots are not visible on either

sur face. They appear to be inclusi ons of acou stically dense material within

the interior of the foil.

In Pig. 15 we hav, another illustration of information that can be

gathered with the acoustic microsc ope - information that is not avai lable in

the optical images. There vs find an image of a polished surface of an alloy
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- of Cobalt and Titanium. The surface is marked with diamond points on the

left and rig ht to define the fi.ld of view. This alloy is a two—phase
- substance and in the acoustic micrograph (reflection ) vs observe th. grey

splotches which we interpret as regions of different compositions .

We susp ect that it is the difference in acoustic impedanc. of th. diffe rent

com positions that gives rise to the contrast that is visible in Fig. 15(b).

And, finally , in Fig. 16 we show a techniqu. which differs from the

direc t images of the previou s illustrations . This was taken in a transmission

instrument. The object is an optical fiber as used in optical co~~ inicat ion

I network . There we record the diffraction pattern of the beam after it has

traversed the cylindrical lenses as formed by the fiber. The detail as found

in a true image is not available but we do believe that mechanical

inho.ogsnei t i.s along the length can be easily detected in this typ. of display.

This could be important in locating defec ts that lover the str ength of the fiber.
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